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(57) ABSTRACT 

An apparatus and method for seismic data acquisition is 
provided, Which, in one aspect, de?ne a plurality of 
attributes relating to acquisition of seismic data by the 
apparatus, determine a value of each attribute When the 
apparatus is deployed for acquiring seismic data, generate a 
message for each attribute Whose determined value meets a 
selected criterion, and transmit Wirelessly each generated 
message to a remote unit Without solicitation of such a 
message by the remote unit. It is emphasized that this 
abstract is provided to comply With the rules requiring an 
abstract Which Will alloW a searcher or other reader to 
quickly ascertain the subject matter of the technical disclo 
sure. It is submitted With the understanding that it Will not 
be used to interpret or limit the scope or meaning of the 
claims. 
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APPARATUS AND METHODS FOR 
TRANSMITTING UNSOLICITED MESSAGES 
DURING SEISMIC DATA ACQUISITION 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application takes priority from US. Provi 
sional Application Ser. No. 60/848,122, ?led Sep. 29, 2006, 
the contents of Which are fully incorporated herein by 
reference. 

BACKGROUND OF THE DISCLOSURE 

[0002] 1. Field of the Disclosure 
[0003] This disclosure relates generally to the acquisition 
of seismic data using seismic systems and methods that 
employ Wireless communication betWeen ?eld data acqui 
sition units and one or more remote units. 

[0004] 2. Background of the Art 
[0005] Seismic surveys are conducted to map subsurface 
structures to identify and develop oil and gas reservoirs. 
Seismic surveys are typically performed to estimate the 
location and quantities of oil and gas ?elds prior to devel 
oping (drilling Wells) the ?elds and also to determine the 
changes in the reservoir over time subsequent to the drilling 
of Wells. On land, seismic surveys are conducted by deploy 
ing an array of seismic sensors (also referred to as seismic 
receivers) over selected geographical regions. These arrays 
typically cover 75-125 square kilometers or more of a 
geographic area and include 2000 to 5000 seismic sensors. 
The seismic sensors (geophones or accelerometers) are 
placed are coupled to the ground in the form of a grid. An 
energy source, such as an explosive charge (buried dynamite 
for example) or a mobile vibratory source, is used at selected 
spaced apart locations in the geographical area to generate or 
induce acoustic Waves or signals (also referred to as acoustic 
energy) into the subsurface. The acoustic Waves generated 
into the subsurface re?ect back to the surface from subsur 
face formation discontinuities, such as those formed by oil 
and gas reservoirs. The re?ections are sensed or detected at 
the surface by the seismic sensors. Data acquisition units 
(also referred to herein as the ?eld service units or “FSUs”) 
deployed in the ?eld proximate the seismic sensors receive 
signals from their associated seismic sensors, at least par 
tially processes the received signals, and transmit the pro 
cessed signals to a remote unit (typically a central control or 
computer unit placed on a mobile unit). The central unit 
typically controls at least some of the operations of the FSUs 
processes the seismic data received from all of the FSUs, 
records the processed data on data storage devices for 
further processing. The sensing, processing and recording of 
the seismic Waves is referred to as seismic data acquisition. 
[0006] TWo-dimensional and/or three-dimensional maps 
of the subsurface structures (also referred to as the “seismic 
image”) are generated from the seismic data recorded by the 
central. These maps are then used to make decisions about 
drilling locations, reservoir siZe, pay Zone depth and esti 
mates of the production of hydrocarbons. 
[0007] The traditional sensor used for acquiring seismic 
data is a geophone. Multi-component (three-axis) acceler 
ometers, hoWever, are more commonly used for obtaining 
three-dimensional seismic maps compared to the single 
component sensors seismic surveying layouts using multi 
component sensors require use of more complex data acqui 
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sition and recording equipment in the ?eld and a substan 
tially greater bandWidth for the transmission of data to a 
central location. 
[0008] A common architecture of seismic data acquisition 
systems is a point-to-point cable connection of all of the 
seismic sensors. Typically, output signals from the sensors in 
the array are collected by data acquisition units attached to 
one or more sensors, digitiZed and relayed doWn the cable 
lines to a high-speed backbone ?eld processing device or 
?eld box. The high-speed backbone is typically connected 
via a point-to-point relay fashion With other ?eld boxes to a 
central recording system, Where all of the data are recorded 
onto a storage medium, such as a magnetic tape. 
[0009] Seismic data may be recorded at the ?eld boxes for 
later retrieval, and in some cases a leading ?eld box is used 
to communicate command and control information With the 
central recording system over a radio link (radio frequency 
link or an “RF” link). Even With the use of such an RF link, 
kilometers of cabling among the sensors and the various 
?eld boxes may be required. Such a cable-system architec 
ture can result in more than 150 kilometers of cable 
deployed over the survey area. The deployment of several 
kilometers of cable over varying terrain requires signi?cant 
equipment and labor, often in environmentally sensitive 
areas. 

[0010] FIG. 1 (prior art) depicts a conventional cable 
seismic data acquisition system 100. Such a system includes 
an array (string) of spaced-apart seismic sensor units 102. 
Each string of sensors is typically coupled via cabling to a 
data acquisition device 103, and several of the data acqui 
sition devices and associated string of sensors are coupled 
via cabling 110 to fonn a line 108, Which is then coupled via 
cabling 112 to a line tap or (crossline unit) 104. Several 
crossline units 104 and associated lines are usually coupled 
together by cabling, such as shoWn by the dotted line 114. 
[0011] The sensors 102 are usually spaced betWeen 10-50 
meters. Each of the crossline units 104 typically performs 
some signal processing and then stores the processed signals 
as seismic information. The crossline units 104 are each 
typically coupled, either in parallel or in series, With one of 
the units 104a serving as an interface betWeen the central 
controller or control unit (CU) 106 and all crossline units 
104. In the cable system of FIG. 1, data are usually relayed 
from one sensor unit to the next sensor unit and through 
several ?eld boxes before such data reaches the central 
controller. Failure of any one ?eld box or cable can cause 
loss of recording of large amounts of information. Operators 
often halt the surveying activity until the source of the 
problem is determined and corrected. Consequently, com 
mon cable systems can have a relatively loW average uptime, 
often only 45%. 
[0012] The basic architecture and reliability issues of the 
current cable systems described above prevent seismic data 
acquisition systems from being scaled to signi?cantly higher 
channel counts. Some cable systems incorporate different 
levels of redundancy to address the issue of single-point 
failure. These redundant systems can include multiple 
redundant backbones, telemetry reversal and other redun 
dancy features. These solutions, hoWever, require even more 
cable to be deployed on the ground and still limit fault 
tolerance to a feW, often no more than tWo failures, in a line 
that can be many miles long. 
[0013] Optimal spacing betWeen seismic sensors varies 
depending on desired image depth and type. Obstacles are 
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often encountered When deploying sensors such as no permit 
areas, rivers, and roads that cause the seismic creW to use 
varying spacing betWeen sensor stations. Varying the dis 
tance betWeen sensors in a conventional cable system is not 
convenient due to the ?xed interval betWeen connection 
points. Usually a surveying creW predetermines the appro 
priate positions of the sensors on the ground prior to laying 
out the acquisition equipment. A global positioning system 
(GPS) receiver is then used by the surveyor to plant stakes 
in the ground at each of the thousands of predetermined 
sensor locations. Therefore, array deployment in such sys 
tems is a tWo-step process, Which increases the time and 
labor costs of the seismic survey process. 
[0014] Wireless seismic data acquisition systems have 
been proposed to address many of the problems associated 
With the cable seismic data acquisition systems. In the cable 
systems, large amounts of data can be transmitted over the 
cable connections, including problems detected by the ?eld 
boxes or speci?c data requested or polled by the CU from 
the various ?eld boxes. The Wireless systems utiliZe radio 
frequency transmission and are typically bandWidth limited. 
In traditional Wireless seismic data acquisition systems, an 
attribute (physical or seismic) degradation affecting the data 
quality is typically detected by monitoring (printing and 
vieWing) shot (source activation) records immediately after 
recording. HoWever, With ever-increasing channel counts on 
three dimensional seismic surveys, the bandWidth necessary 
for transmitting each record in real-time can be dif?cult. 
[0015] To preserve bandWidth and to reduce or eliminate 
the need to monitor individual records for quality control, it 
is desirable to have a system in Which the ?eld devices can 
detect and appropriately or selectively transmit attribute 
degradation information (also referred to herein “alarm 
conditions”). Because several FSUs may detect one or more 
attribute degradation or other conditions simultaneously, it is 
desirable to manage the transmission of messages containing 
such information to the CU. 
[0016] The present disclosure provides seismic surveying 
systems, apparatus and methods for managing the detection, 
collection and transmission of data, including messages 
relating to attribute degradation and other surveying condi 
tions betWeen the ?eld units and a remote unit, such as a CU, 
central system computer (CSC) and/or an intermediate (re 
peater) unit, that address some of the above-noted short 
comings. 

SUMMARY OF THE DISCLOSURE 

[0017] The present disclosure, in one aspect, provides a 
system for acquiring seismic data that includes a source for 
generating acoustic signals, a plurality of receivers arranged 
in a selected region for detecting the acoustic signals, and a 
plurality of ?eld station units (FSU)s, Wherein each ?eld 
station unit (“FSU”) receives acoustic signals from at least 
one receiver associated thereWith and determines one or 
more conditions relating to one or more attributes relating to 
the acquisition of the seismic data and automatically (With 
out solicitation) transmits messages indicative of the 
detected condition Wirelessly When the determined condi 
tion meets a selected criterion or is outside a norm (such as 
outside a threshold or limit). 
[0018] In another aspect, the disclosure provides a seismic 
data acquisition system Wherein each of a plurality of ?eld 
station units acquires seismic data from at least one associ 
ated seismic sensor and transmits messages to a repeater unit 
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When a condition relating to an attribute of the seismic data 
meets a selected criterion or is outside a threshold and 
Wherein the repeater unit performs a collision management 
of the messages received from the plurality of the ?eld 
service units before sending such messages to a control unit 
(CU) or a central computer station (CSC). Such messages 
also are referred to herein interchangeably as alarms or 
alarm messages. 

[0019] In one aspect, the FSU encodes each message With 
a unique identi?er, Which may be a random number gener 
ated by the FSU that uses a seed number. This may be a 
number that includes or is based on an identi?cation number 
of the FSU and time slot, such as the second of the day. The 
generated number may be variable or a ?xed. The FSU may 
determine any de?ned condition, including a condition that 
relates to a physical parameter of a device associated With 
the FSU or a condition that relates to a seismic attribute. The 
conditions may include: a condition of a poWer source 
associated With the FSU, such a loW battery condition; (ii) 
a measurement made by a motion sensor that provides 
information about the movement of a device, including the 
movement of a seismic sensor or the FSU itself; (iii) the 
condition of a data storage device associated With the FSU, 
such as a memory device, Wherein the condition may include 
the memory capacity already used or the unused memory 
capacity; (iv) a condition relating to the timing of an event, 
such as timing chain slip; (v) an environmental parameter, 
such as temperature and humidity; (vi) a con?guration that 
is outside a norm, also referred to as a con?guration error; 
(vii) a doWnload error; (viii) a softWare error; (ix) noise 
level; and (x) a device initiated activity, such as the turning 
on or olf of a device by the FSU. 

[0020] In another aspect, each FSU may prioritiZe the 
conditions determined by the FSU before sending the mes 
sages based on information stored in the FSU. The FSU may 
be programmed to discard certain conditions or limit the 
number of times the FSU sends a message relating to a 
particular condition. 
[0021] As noted above, the messages sent by the various 
FSUs may be sent to repeater units placed Within the 
Wireless range of a group of repeaters. In one aspect, the 
repeater unit may establish a tWo-Way data communication 
betWeen the individual FSUs and the CU or CSC. The 
repeater unit may be a stand-alone unit or a particular FSU 
may be con?gured to perform the functions of the repeater, 
referred to herein as the Alpha FSUs. The FSUs in the ?eld 
may be divided into small groups, each group including an 
Alpha FSU. In such con?gurations, the Alpha FSU or the 
stand alone repeater unit provide collision management of 
the messages sent by the various FSUs in their respective 
groups or packs. In one aspect, the repeater unit (stand alone 
or the Alpha FSU) scales the unique identi?ers of the 
messages received from the plurality of FSUs to cover a 
plurality of time slots. The repeater unit or the Alpha FSU 
may be programmed to perform a number of operations or 
functions including: suppressing or ?ltering messages that 
have been determined by a control unit or according to 
programmed instructions as unWanted messages; suppress 
ing messages that may correspond to a common condition to 
avoid ?ooding the CU or CSC; prioritizing the messages 
received from the plurality of FSUs before sending a mes 
sage to the CU or CSC; alloWing selected messages to pass 
to the CU or CSC substantially uninhibited; analyZing an 
attribute of a message storm (messages relating to a common 
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condition) based on a pre-selected criterion; and compress 
ing messages before sending to the CU or CSC. The 
collision management by the FSU’s and/or the repeater unit 
prevents ?ooding of messages relating to a common condi 
tion of an attribute or pre-selection condition. 

[0022] The CU or CSC sends acknowledgement of the 
received messages and may also send commands or ?lters 
directly to any particular FSU or a group of FSUs or all of 
the FSUs in the seismic system. The CSC also may solicit 
messages relating to any attribute from any particular FSU 
sending a request therefore. 
[0023] In another aspect, the CSC processes the received 
messages by analyZing such messages to determine the 
affect of the conditions of the attribute on the seismic data 
acquisition process and the data quality. The CSC displays 
results for actions by survey creW or provides desired 
actions to be taken including delaying surveying, repeating 
a shot, sending a creW to investigate and correcting a 
condition of an attribute, etc. 

[0024] The disclosure, in another aspect, provides a com 
puter-readable medium including a computer program 
embedded therein for use by one or more processors asso 
ciated With a system for acquiring seismic data from a 
seismic spread arranged over a selected region that includes 
a plurality of sensors for detecting acoustic signals in 
response to the acoustic signals generated by a source and a 
plurality of ?eld service units (FSU), each FSU being 
associated With at least one receiver for acquiring and 
processing acoustic signals, Wherein the computer program 
includes: instructions for receiving a plurality of conditions 
detected by each FSU; instructions to encode each detected 
condition into an encoded message based on pre-selected 
criterion; instructions to transmit the encoded message to a 
?lter; instructions to prioritiZe the messages received at the 
?lter; and instructions to transmit the prioritized messages to 
a central station computer (CSC) for further processing. 
[0025] The computer program further may include: 
instructions to arrange the messages at the CSC using a 
selected criterion and instructions to provide the arranged 
messages for use by an operator on a display device or on a 
printed report. 
[0026] The instructions to encode may include instruc 
tions to use a unique identi?er that is one of: (i) a random 
number that uses a seed number; (ii) based on an identi? 
cation number of the FSU and time associated With the 
condition; (iii) a variable value; and (iv) a ?xed value. The 
condition may relate to a physical or seismic attribute and 
may include: (i) a poWer supply condition, (ii) a motion 
sensor measurement, (iii) a missed shot, (iv) a memory 
condition, (v) a timing chain slip, (vi) a seismic alarm, (vii) 
an environmental parameter, (vii) a con?guration error, (viii) 
a doWnload error, (ix) a softWare error, (x) noise level, and 
(xi) a device-initiated activity including one of (a) deacti 
vating a device or a part thereof, and (b) activating a device 
or a part thereof. 

[0027] The computer program may further include: 
instructions to (i) suppress an unWanted message; (ii) sup 
press a plurality of messages corresponding to a common 
condition; (iii) prioritiZe the messages received from the 
plurality of FSUs before sending a message to the CSC; (iv) 
alloW a selected messages to pass to the CSC substantially 
uninhibited; (v) analyZe an attribute of a message storm 
based on a pre-selected criterion; and (vi) and compress 
messages for sending to the CSC. 
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[0028] In another aspect, the CSC may include programs 
that include instructions to send one of (i) a command or 
?lter to a particular FSU in the plurality of FSUs (ii) a 
command or ?lter to a repeater that performs collision 
management and (iii) a message acknowledging receipt of a 
message, from an FSU. 
[0029] The computer program may further include 
instructions to execute an algorithm that prevents at least a 
partial ?ooding of the messages to the CSC that correspond 
to one of (i) a common condition, and (ii) a selected 
condition. The computer program may further include ana 
lyZing the received messages and displaying the results. 
[0030] In another aspect, the disclosure provides a method 
for acquiring seismic data using a plurality of seismic 
devices arrayed over a region of interest, the method com 
prising: determining a condition associated With at least one 
of the selected devices; encoding a signal With data indica 
tive of the condition; applying a priority criterion to the 
encoded signal; and transmitting the signal to a processor if 
the signal meets the priority criterion. The method further 
may include transmitting the encoded signal unsolicited over 
a Wireless communication link. 
[0031] In another aspect, a time division multiplex scheme 
for transferring data betWeen the ?eld service units and a 
remote unit is provided, Which may be useful in collision 
management of the data and in using lesser number of 
frequencies compared to other methods, such as frequency 
division multiplexing. 
[0032] Examples of certain features of the systems, meth 
ods and apparatus disclosed herein have been summariZed 
rather broadly in order that detailed description thereof that 
folloWs may be better understood, and in order that the 
contributions to the art may be appreciated. There are, of 
course, additional features of the disclosure that Will be 
described hereinafter and Will form the subject of the 
disclosure. The summary provided herein is not intended to 
limit the scope. Also, an “Abstract” is provided to satisfy 
certain patent of?ce requirements and is not to be used in any 
Way to limit the concepts, embodiments and methods dis 
closed herein or the scope of claims that may be made in this 
application or any application that may take a priority from 
this application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The novel features of this disclosure, as Well as the 
disclosure itself, Will be best understood from the attached 
draWings, taken along With the folloWing description, in 
Which similar reference characters generally refer to similar 
elements, and in Which: 
[0034] FIG. 1 (prior art) shoWs a prior art cable seismic 
data acquisition system; 
[0035] FIG. 2 is a representation of a Wireless seismic data 
acquisition system according to one embodiment of the 
present disclosure; 
[0036] FIG. 3 shoWs a schematic representation of a 
portion of the system of FIG. 2 in more detail according to 
one embodiment of the present disclosure; 
[0037] FIG. 4 shoWs an embodiment of a Wireless ?eld 
station unit having an integrated multi-component seismic 
sensor and processing electronics and stored programs, 
according to one embodiment of the present disclosure; 
[0038] FIG. 5 is an exemplary list ofa variety ofmessages 
or alarm messages generated by a ?eld service unit of FIG. 
2, according to one aspect of the present disclosure; 
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[0039] FIG. 6 shows a message data How of a Wireless 
seismic data acquisition system that includes a repeater unit, 
according to one aspect of the present disclosure; 
[0040] FIG. 7 shoWs a message data How according to 
another aspect of the present disclosure Wherein the ?eld 
station units directly communicate With a central unit; 
[0041] FIG. 8 shoWs a process according to yet another 
aspect of the disclosure using a repeater unit; 
[0042] FIG. 9 shoWs a data How for messages solicited by 
a central control unit from ?eld boxes of a seismic surveying 
system according to one aspect of the disclosure; 
[0043] FIG. 10 shoWs a process How ofmessages after the 
messages have been received by the central control unit 
according to one aspect of the disclosure; and 
[0044] FIGS. 11A-11C shoW a time division multiplex 
scheme according to one embodiment of the disclosure. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0045] The present disclosure relates to devices and meth 
ods for controlling activities relating to seismic data acqui 
sition. The present disclosure may be implemented in 
embodiments of different forms. The draWings shoWn and 
the descriptions provided herein correspond to certain spe 
ci?c embodiments of the present disclosure for the purposes 
of explanation of the concepts contained in the disclosure 
With the understanding that the present disclosure is to be 
considered an exempli?cation of the principles of the dis 
closure, and is not intended to limit the scope of the 
disclosure to the illustrated draWings and the description 
herein. 
[0046] Referring to FIG. 2, a representation of a Wireless 
seismic data acquisition system 200 is shoWn according to 
one embodiment of the present disclosure. The system 200 
includes a central controller or control unit (CU) 202 in data 
communication With each of a number of Wireless ?eld 
station units (FSU) or sensor stations 208 forming an array 
(spread) 210 for seismic data acquisition. The Wireless 
communication betWeen the central controller 202 With the 
FSUs may be direct bi-directional Wireless communication 
or via an intermediate unit such as a repeater unit (RU), 
described in more detail later. Each sensor station 208 
includes one or more sensors 212 for sensing seismic energy. 
The sensors 212 may be any suitable seismic sensors, 
including geophones, and one or more component acceler 
ometers. Direct communication as used herein refers to 
individualiZed data How as depicted in FIG. 2 by dashed 
arroWs. The data How can be bi-directional to alloW one or 
more of: transmission of command and control instructions 
from the central controller 202 to each Wireless sensor 
station 208; exchange of quality control and other data 
betWeen the central controller 202 and each Wireless sensor 
station 208; and transmission of status signals, operating 
conditions and/or selected pre-processed seismic informa 
tion from each Wireless sensor station 208 to the central 
controller 202. The communication might be in the form of 
radio signals transmitted from and received by the sensor 
stations 208 and central controller 202 via suitable antennas 
203 and 204 respectively. 
[0047] In one aspect, the system 200 operates in an active 
mode Wherein a seismic energy source 206, such as an 
explosive source, a vibrator carried by a mobile unit, such as 
a truck or a compressed gas source, generates seismic energy 
of knoWn characteristics, such as magnitude, frequency etc., 
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at knoWn locations in the seismic spread to impart seismic 
energy into the subterranean formation. In many applica 
tions, multiple seismic energy sources can be utiliZed to 
impart seismic energy into the subterranean formation. A 
representative seismic energy source is designated With 
numeral 2061'. Typically, activation (or more commonly, 
“shooting” or “?ring”) of the source 2061' is initiated locally 
by a mobile unit 270. In one embodiment, an operator in the 
mobile unit 270 utiliZes a navigation tool 272 to navigate to 
a selected source location and using a source controller 274 

operates the vibrator associated With the mobile unit to 
impart seismic energy into the subterranean formation. In 
another aspect, a mobile unit may be used to controllably ?re 
explosive sources. To navigate the terrain and to determine 
the precise location coordinates of the source, the navigation 
tool 272 can be equipped With a global positioning satellite 
(GPS) device and/ or a database having predetermined coor 
dinates for each of the locations at Which the source is to be 
activated. The navigation tool 272 can also be con?gured to 
provide audible or visual signals such as alarms or status 
indications relating to the ?ring activity. The source con 
troller 274 can be programmed to receive and transmit 
information such as instructions to make the source 2061' 

ready for ?ring, ?re the source 206i, provide data indicative 
of the location of the mobile unit 270, the arming status of 
the source 2061', and data such as return shot attributes. The 
source controller 274 can also be programmed to ?re the 
source 2061' and provide an indication (e.g., visual or audi 
tory) to the operator as to the arming status of the source 
206i. Often, tWo or more mobile units 270 independently 
traverse the terrain underlying the spread 210 to locate and 
?re the sources 2061'. In one con?guration, the source 
controller 274 relies on the navigation tool 272 to transmit 
the GPS data to the central controller 202 or central station 
computer 260 (described beloW), either of Which maybe 
programmed to transmit the “arm” and “?re” signals to the 
source controller 274. These signals may be digital signals 
or suitable analog signals. The source controller 274 may 
include a display to advise the operator of the status of the 
?ring activity. The system 200 may also operate in a passive 
mode by sensing natural or random seismic energy traveling 
in the earth. The term “seismic devices” means any device 
that is used in a seismic spread, including, but not limited to 
sensors, sensor stations, receivers, transmitters, poWer sup 
plies, control units, etc. 
[0048] The central controller 202, the central station com 
puter (CSC) 260 and a central server 280 exert control over 
the constituent components of the system 200 and direct 
activities of the operators and devices during the operation 
of the system 200. As discussed in greater detail beloW, the 
CSC 260 can automate the shooting of the sources 206i and 
transmit data that enables the sensor stations 208 to self 
select an appropriate poWer usage state during such activity. 
The server 280 can be programmed to manage data and 
activities over the span of the seismic surveying activities, 
Which can include daily shooting sequences, updating the 
shots acquired, tracking shooting assets, storing seismic 
data, pre-processing seismic data and broadcasting correc 
tions. CSC 260 may be integral With the CU 202. Moreover, 
in some applications it may be advantageous to position the 
controller 202 and CSC 260 in the ?eld at different locations, 
and the server 280 at a remote location. The central con 
troller 202 also may act as a central radio unit. For large 
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?elds, radio antennas and repeater transceivers may also be 
deployed at selected ?eld locations as described beloW. 
[0049] Still referring to FIG. 2, the use of individual 
Wireless FSUs 208 to form the spread 210 eliminates inter 
connecting cables, such as the cables 110 associated With the 
cable system described above and shoWn in FIG. 1. Elimi 
nation of these cables provides the survey creW the option of 
moving individual FSUs 208 Without affecting placement of 
other sensors in the spread. It also reduces the Weight of 
devices for the overall seismic spread and the time it takes 
to place the sensors and the FSUs in the ?eld. It also alloWs 
for increased sensor density, layout ?exibility, increased 
reliability and easier maintenance. 
[0050] The seismic spread con?guration of FIG. 2 can also 
eliminate single-point failures that can cause information 
loss from at least an entire line of sensors, Which can occur 
in a cable system (FIG. 1) due to a failed cable, cable 
connector, ?eld box, or a crossline unit. The single station 
radio architecture of the present disclosure provides inde 
pendent communication paths betWeen the FSU’s and CU or 
CSC. The failure of a single radio acquisition unit causes 
loss of data from only one station and recording of data from 
other stations can continue While it is repaired or replaced. 
[0051] In another aspect, the seismic spread con?guration 
shoWn in FIG. 2 may be modi?ed, Wherein a number of 
neighboring FSUs 208 forming a “group” or “cell” commu 
nicate Within the control unit 202 on the CSC 260 via an 
intermediate Field Service Unit (also referred to herein as an 
Alpha FSU). An Alpha FSU may also be con?gured to 
perform the functions of the FSU and further con?gured to 
performed a variety of other functions, such as establishing 
tWo-Way communication betWeen the Alpha FSU and its 
associated FSUs, manage collision betWeen multiple alarm 
messages sent by its associated FSUs, etc. In this manner, 
the various FSUs may be grouped into several groups, each 
group including an Alpha FSU. For example, FSU 220 in the 
group 222 may be an Alpha FSU for the group of FSUs in 
the geographical area 222. Other groups of FSUs in the 
seismic spread 210 may be similarly grouped. 
[0052] Alternatively, one or more separate repeater units 
(RUs) may be placed at selected locations in the seismic 
spread 210, such as shoWn by repeaters R1, R2, Rn, etc. often 
only one repeater is used in a seismic spread. Each repeater 
unit is con?gured to establish a tWo-Way radio or Wireless 
communication betWeen its associated FSUs and the CU 202 
or the CSC 260. In the above-noted con?gurations, the 
individual FSUs communicate With their associates Alpha 
FSU or the repeater unit as the case may be and the Alpha 
FSU or the repeater unit communicates With the central 
controller 202. The individual FSUs in a group Wirelessly 
communicate With their associated Alpha FSU or the RU 
Wirelessly. In certain situations, it may be desirable to 
connect the FSUs to its associated Alpha unit With cable 
connections. The operations and functions of the Alpha units 
and the repeater units is described in more detail in reference 
to FIGS. 6-10. 

[0053] FIG. 3 is a more detailed schematic representation 
of a portion of the system 200. As shoWn, the central 
controller 202 includes a computer 300 having a processor 
302 and a data storage device or memory 303. An operator 
can interface With the system 200 using a keyboard 306, or 
another suitable device, such as a mouse 308 and an output 
device such as a monitor 310. Communication betWeen 
remotely-located system components in the spread 210 and 
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the central controller 202 is accomplished using a central 
transmitter-receiver (transceiver) unit 312 associated or 
coupled With central controller 202 and an antenna 314. 

[0054] The central controller 202 communicates With each 
Wireless sensor station 208. Each Wireless sensor station 208 
shoWn includes a Wireless ?eld station unit (FSU) 316, an 
antenna 318 compatible With the antenna 314 used With the 
central controller 202, and a sensor unit 320 responsive to 
acoustic energy traveling in the earth co-located With a 
corresponding Wireless sensor station. Co-located, as used 
herein, means disposed at a common location With one 
component being Within a feW feet of the other. Therefore, 
each sensor unit 320 can be coupled to a corresponding 
Wireless station unit by a relatively short cable 322, e.g., 
about 1 meter in length, or coupled by integrating a sensor 
unit 320 With the Wireless ?eld station unit 316 in a common 

housing. (not shoWn) 
[0055] One sensor for use in a sensor unit 320 may be a 
suitable multi-component sensor. The multi-component sen 
sor may include a three-component accelerometer sensor 
incorporating micro electromechanical systems (MEMS) 
technology and application-speci?c integrated circuits 
(ASIC) as found in the Vectorseis® sensor module available 
from ION Geophysical Corporation, Houston, Tex. The 
present disclosure, hoWever, may utiliZe velocity sensors 
such as geophones or pressure sensors such as hydrophones 
or any other sensor capable of sensing seismic energy. 
Furthermore, the present disclosure may utiliZe a single 
sensor unit 320 as shoWn in FIG. 3, or the sensor unit 320 
may include multiple sensors connected in a string. 

[0056] FIG. 4 is a schematic representation of a Wireless 
?eld station unit 400 according to one embodiment of the 
present disclosure that operates as a data recorder incorpo 
rating circuitry to interface With an analog output sensor unit 
(not shoWn). The Wireless station unit 400 shoWn is a data 
acquisition device that includes a sensor interface 402 to 
receive an output signal from the sensor unit such as sensor 
units 320. The sensor interface 402 shoWn includes a pro 
tection circuit, sWitch netWork, preampli?er, test oscillator, 
and ADC and digital ?ltering circuits to pre-process the 
received signal. The sensor interface 402 is controlled in part 
by a ?eld programmable gate array (FPGA) and/or an ASIC 
controller circuit 404. An on-board local processor 406 
processes the signal to create storable information indicative 
of the seismic energy sensed at the sensor unit. The infor 
mation can be in digital form for storage in a suitable storage 
device 408, also referred to herein as a memory unit. The 
memory unit can be removable as shoWn at 408 and/or 
dedicated 40811 With a coupling 410 for providing access to 
the stored information and/or for transferring the stored 
information to an external storage unit 411. The coupling 
410 might be a cable coupling as shoWn or the coupling 
might be an inductive coupling or an optical coupling. Such 
couplings are knoWn in the art and thus are not described in 
detail. 

[0057] The memory 408, 40811 can be a nonvolatile 
memory of su?icient capacity for storing information for 
later transfer or transmission. The memory might be in the 
form of a memory card, removable miniature hard disk 
drive, an Electrically-Erasable Programmable Read Only 
Memory (EEPROM) or the like. A memory card, also 
knoWn as a ?ash memory card or a storage card, is a small 
storage medium used to store digital information and is 
suitable for use in seismic prospecting. Flash memory is a 




















